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Thirty-one  premium  antlfoullng  marine  coatings  systems  have  been  examined  to  determine 
their  extended  service  life  potential  for  steel,  aluminum,  and  plastic  buoys.  Complete 
systems  of  substrate,  pretreatments , primers,  anticorrosive  midcoats,  and  antifouling 
topcoats  containing  various  toxicants  are  Included  in  the  program.  Eight  of  the  31 
systems  are  carried  over  from  a previous  study  (Report  No.  CG-D-74-75  of  March  21,  1975) 
and  have  been  examined  after  77  months  of  static  immersion  In  seawater  near  Daytona 
Beach,  Florida.  The  performance  of  seven  systems  Is  noteworthy,  particularly  that  of 
the  Vlnyl-Hlgh  Rosin  Type  121/63  and  the  elastomeric  sheet  with  organotln  toxicant. 
Performances  of  the  Standard  Vinyl  Rosin  Type  121  in  the  specification  system  and 
over  self-cured  and  post  cured  zinc  silicates  with  a high  build  vinyl  are  slightly 
poorer  but  are  still  rated  excellent.  The  remaining  systems  are  epoxy /epoxy-coal  tar 
and  a vinyl  rosin  containing  an  organotln  fluoride  toxicant. 

Twenty-three  coatings  systems  in  the  present  study  have  beert  exposed  for  18  months. 

In  addition,  panels  of  each  system  have  been  damaged  before  ano'during  exposure  to 
simulate  adverse  deployment  and  service  conditions.  All  systems  were  damaged  by 
impact,  gouge,  and  abrasion  before  immersion  and  others  by  Impact  and  gouge  after 
6 and  12  months'  immersion.  No  detrimental  effects  have  been  observed  after  the 
18  months'  immersion. 

Although  performance  ratings  are  difficult  after  these  brief  exposure  times,  the 
performances  of  13  systems  have  been  tentatively  rated  as  "outstanding  to  excellent",  , 
3 systems  have  been  rated  "fair",  and  7 systems  have  been  rated  "unacceptable". 
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THE  EVALUATION  OF  PROTECTIVE 
COATINGS  SYSTEMS  FOR  BUOYS 


1.  EXECUTIVE  SUMMARY.  A long-term  study  of  marine  coatings  systems  has  been 
sponsored  by  the  U.  S.  Coast  Guard  because  of  their  interest  in  extending 
average  service  life  of  coatings  in  the  marine  environment  from  two  to 
possibly  ten  years.  In  September,  1969,  a comprehensive  study  of  premium 
antifouling  marine  coating  systems  was  initiated.  In  May,  1975,  this 
study  was  expanded  to  capitalize  on  data-in-hand  and  to  enter  recent 
developments  and  new  concepts  in  marine  coatings  technology  into  the 
program. 

Exposure  studies  continued  from  the  prior  program  have  been  in  progress 
for  77  months.  The  performances  of  seven  systems  are  noteworthy.  The 
vinyl-high  rosin  specification  system  Type  121/63  and  the  elastomeric 
sheet  with  organotin  toxicant  have  both  been  rated  outstanding.  Perform- 
ances of  the  standard  vinyl  rosin  Type  121  specification  system,  and  the 
self-cured  and  postcured  zinc  silicates  in  high-build  vinyl /Type  121 
antifoul  systems  have  been  excellent.  The  performances  of  epoxy/epoxy- 
coal  tar  and  vinyl  rosin  with  organotin  fluoride  toxicant  are  only  slightly 
less.  Each  of  these  seven  systems  were  also  included  in  the  present  study. 

The  primary  service  application  for  the  coatings  in  the  present  study  is 
buoys.  Twenty-three  complete  anticorrosive  antifouling  coatings  systems 
have  been  examined  for  steel,  aluminum,  and  plastic  (rotationally  molded, 
cross-linkable,  high-density  polyethylene)  substrates,  which  are  repre- 
sentative of  materials  used  in  buoy  construction.  To  simulate  adverse 
deployment  and  service  conditions,  all  materials  have  been  subjected  to 
mechanical  damage  after  various  immersion  times  in  seawater  (exposed 
near  Daytona  Beach,  Florida).  Panels  of  each  coatings  system  have  been 
damaged  by  abrasion,  impact,  and  gouge  before  immersion  and  others  by 
impact  and  gouge  after  6 and  12  months'  immersion.  Such  treatment  has 
caused  no  detrimental  effect  on  coatings  performance  after  18  months' 
immersion.  However,  the  long-term  effects  of  such  damage  cannot  be  as- 
certained at  this  time. 

Since  several  years'  service  are  expected  from  a premium  coating  system,  it 
is  impossible  to  specifically  rate  the  performance  of  these  systems  after 
only  18  months.  At  this  point  in  time,  the  performance  of  13  systems  have 
been  rated  "outstanding  to  excellent",  3 systems  have  been  rated  "fair", 
and  7 systems  have  been  rated  as  "unacceptable".  A composite  ranking 
for  the  13  "outstanding  to  excellent"  performances  is  possible  because  10 
of  these  13  are  direct  offsets  of  the  systems  in  the  prior  study.  They 
have  either  been  continued  up  to  the  present  time  (77  months'  total  exposure) 
or  had  performed  marginally  well  in  the  prior  study  and  had  been  upgraded 
for  inclusion  in  the  present  study.  The  composite  ranking,  considering 
material  cost,  cost  of  application,  performance,  special  handling  condi- 
tions, etc,  in  descending  order  of  preference  is  as  follows. 


System 


Comment 


(1)  Type  121/63  vinyl  high  rosin 
specification  system 

(2)  Elastomeric  sheet  with  organotin 
toxicant 


(3)  Type  121  standard  vinyl  rosin 
specification  system 

(4)  Postcure  and  self-cure  zinc 
silicates  with  high  build  vinyl 
and  Type  121  antifoul 

(5)  Epoxy  primer/epoxy-coal  tar 
anticorrosive  and  antifoul 

(6)  Vinyl  rosin;  and  rosin- 
chlorinated  rubber  with  organo- 
tin fluoride  toxicant 

(7)  Polyester  glass  flake  under 
Type  121  antifoul 


Outstanding  performance,  easy  to 
apply 

Outstanding  performance,  high  material 
costs,  labor  intensive  application, 
toxic  material  handling  procedures 
required. 

Excellent  performance,  easy  to  apply. 

More  materials  to  apply  than  Types 
121/63  or  121  and  more  difficult  to 
handle  zinc  coat. 

Excellent  performance,  unpleasant 
application  and  cleanup  requirements . 

Excellent  performance,  easy  to  apply. 


Good  performance  if  adhesion  obtained. 
Difficult  to  apply  polyester  glass 
flake. 


Three  unacceptable  systems  were  nonsolvent  polyurethane,  toxic  organo- 
metallic  polymer,  and  flame-sprayed  copper  cladding.  The  polyurethane 
possessed  no  antifouling  properties  but  excellent  corrosion  resistance. 

The  organometallic  polymer  requires  additional  pigmentation  studies  to 
obtain  satisfactory  adhesion  and  the  copper  cladding  delaminated  from  all 
substrates  early  in  the  exposure  program. 

These  data  are  considered  significant  because  they  bring  the  U.  S.  Coast 
Guard's  goal  of  extended  service  life  closer  to  realization.  Service  life 
projections  indicate  that  several  candidate  materials  may  be  available. 
Results  of  this  study  can  be  used  to  upgrade  the  protective  coatings 
phase  of  the  buoy  program.  Successful  systems  should  be  reduced  to  prac- 
tice by  developing  the  study  into  a test  buoy  stage.  This  recommendation 
and  others  such  as  continuing  the  immersion  of  the  best  materials  in  the 
program  are  offered  as  part  of  this  Final  Report. 
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2.  INTRODUCTION.  In  September,  1969,  a study  was  Initiated  for  the  U.  S.  Coast 
Guard  to  evaluate  premium  coating  systems  for  buoys,  ships,  and  offshore 
structures.  The  study  was  reported  in  BCL's  Report  No.  CG-D-74-75  of 
March  21,  1975.  After  51  months  of  seawater  immersion  at  Daytona  Beach, 
Florida,  the  performance  of  several  coating  systems  was  sufficiently  at- 
tractive to  consider  them  as  candidates  for  meeting  the  stringent  require- 
ments of  the  Coast  Guard. 

Emphasis  in  that  past  research  program  concentrated  on  identifying  coating 
systems  for  buoys.  Additional  studies  were  indicated  to  capitalize  on 
data  then  in  hand.  To  insure  the  currency  of  follow-on  work,  it  was 
necessary  to  add  additional  buoy  coating  systems  to  the  continuing  program. 
Both  of  these  needs  were  addressed  by  a new  program  initiated  on  June  5, 
1975.  The  discussion  of  this  new  program  is  the  subject  of  this  Final 
Report. 

3.  RESEARCH  OBJECTIVE.  The  objective  of  the  research  program  has  been  the 
identification  of  premium  antifouling  coatings  systems  for  buoys  suitable 
for  the  U.  S.  Coast  Guard.  The  research  has  consisted  of  (1)  selecting 
potentially  long-lived  coatings  systems  for  service  on  steel,  aluminum, 
and  plastic  substrates;  (2)  preparing  test  panels  of  each  system  and  sub- 
jecting them  to  mechanical  damage  to  simulate  adverse  service  conditions; 
and  (3)  evaluating  the  service  performance  of  the  damaged  panels  after 
static  raft-type,  total  immersion  studies  in  seawater. 

4.  MAIN  TEXT— EXPERIMENTAL  WORK.  This  study  of  the  performance  of  new  and 
novel  coating  systems  for  buoys  has  continued  earlier  work  and  has  expanded 
its  scope  to  include  new  materials  while  placing  greater  emphasis  on  sub- 
strates other  than  steel. 

a.  Substrates  and  Surface  Preparation.  Steel,  aluminum,  and  plastic  sub- 
strates have  been  used  for  test  panels. 

Steel  panels  were  cut  from  1/8-inch  hot-rolled  stock  to  a panel  size 
of  6 x 12  inches.  All  edges  were  well-rounded  to  remove  any  roughness 
that  might  adversely  affect  the  performance  of  the  paint  systems.  The 
panels  were  sandblasted  to  white  metal  SSPC  No.  6 and  immediately 
spray-coated  with  pretreatment  (e.g,  0.5  mil,  dry.  Formula  117  wash 
primer)  or  appropriate  primer. 

Aluminum  panels  were  cut  from  marine  grade  Series  6061  to  a size  of 
6 x 12  x 0.125  inches.  The  panels  were  edge  sanded  similar  to  the 
steel  panels  above  and  then  chemically  cleaned  according  to  the  fol- 
lowing procedure. 

(1)  Solvent  clean 

(2)  Hot  dip  (160  F)  in  acid-sodium  dichromate  bath  for 
10  minutes 
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(3)  Soap  and  water  wash 

(4)  Tap  water  rinse 

(5)  Deionized  water  rinse. 

Because  of  favorable  buoy  experience,  Coast  Guard  personnel  suggested 
a low  molecular  weight  polyethylene  ("Marlex  CL100",  Phillips  Petroleum) 
as  the  plastic  substrate  for  the  program.  Test  panels  were  cut  from 
rotationally  molded  boxes  studied  by  Phillips  Petroleum.  These  panels 
cut  to  a 6 x 12-inch  size,  contained  a slight  curve  of  about  1/4  to 
1/2  inch  across  the  6-inch  width. 

To  promote  coating  adhesion,  all  plastics  test  panels  were  cleaned 
according  to  a procedure  recommended  by  Phillips  Petroleum  as  follows. 

(1)  Chemically  clean  by  a 2-minute  dip  in  a hot  (160  F) 
sulfuric  acid/sodium  dichromate  bath 

(2)  Rinse  in  tap  water 

(3)  Rinse  in  distilled  water 

(4)  Seal  in  aluminum  foil  until  ready  for  painting. 

Selection  of  Coatings  Systems.  The  research  program  has  included  the 
evaluation  of  31  coatings  systems.  Eight  of  these  are  carried  over  from 
the  prior  program.  Eleven  new  systems  for  steel,  four  new  systems  for 
aluminum,  and  five  new  systems  for  plastic  have  been  added.  Also,  three 
special  systems  have  been  added  at  the  request  of  Coast  Guard  personnel. 
Each  of  these  groups  is  described  below  and  the  new  materials  are  dis- 
cussed in  the  final  section,  part  4b (6). 

(1)  Continuation  of  Immersion  Studies  From  Prior  Work.  Fifteen  static 
immersion  panels  (14  test  panels  plus  one  control  panel  on  steel) 
representing  eight  coatings  systems  were  returned  to  the  water 
after  the  final  (51-month)  inspection  on  program  DOT-CG-51331-A. 
These  systems  are  as  follows. 


Description 


Coating 

System 

No. 


CG-2  Type  121/63  vinyl-high  rosin  control 

C(J-17  Elastomeric  sheet  with  organotin  toxicant 

CG-1  Type  121  standard  vinyl-rosin  control 

CG-14  Self-cure  zinc  silicate  high-build  vinyl.  Type  121 

anti foul 

CS-5  Postcure  zinc  silicate,  high-build  vinyl,  Type  121 

antifoul 

CG-14  Vinyl-rosin  with  organotin  (TBTF)  toxicant,  aluminum 

substrate 

CG-15  Vinyl-rosin  with  organotin  (TBTF)  toxicant,  fiberglass 

substrate 

CG-11  Epoxy  primer,  epoxy-coal  tar  anticorrosive  and  antifoul 


Complete  descriptions  of  these  systems  are  in  Appendix  Table  A1 . 

(2)  Coatings  Systems  for  Steel  Buoys.  Eleven  coating  systems  were 
selected  for  evaluation  on  steel  substrate.  Eight  of  these  have 
been  remade  from  the  prior  study  (old  numbers  CGI-18) . Numbering 
system  for  the  new  materials  was  started  with  CG-19  as  noted  below. 


Coating  System 
No. 

New  (Old) 
CG-19  (CG-2) 
CG-20  (CG-17) 
CG-21  (CG-1) 
CG-2 2 (CG-4) 


Description 

Type  121/63  vinyl  high  rosin  control 
Elastomeric  sheet  with  organotin  toxicant 
Type  121  Standard  Vinyl  Rosin  Control 
Self-cure  zinc  Standard  Vinyl  Rosin  Control 
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Coating  System 
No. 

New  (Old) 


Description 


Postcure  zinc  Standard  Vinyl  Rosin  Control 

Epoxy  primer  Standard  Vinyl  Rosin  Control 

Type  121  applied  quickly  (before  complete  cure) 
over  epoxy  primer  and  anticorrosive 

Type  121  applied  over  sanded  polyester  glass  flake 
anticorrosive 

Rosin-chlorinated  rubber  with  TBTF  toxicant  over 
coal  tar-epoxy  anticorrosive 

Flame  sprayed  copper  cladding  over  polyester  glass 
flake 

Acrylic-organometallic  toxic  polymer  over  Type  119 
anticorrosive . 

Complete  descriptions  are  given  in  Appendix  Table  Al. 

(3)  Coatings  Systems  for  Aluminum  Buoys.  Four  systems  were  selected 
for  evaluation  on  6061  grade  aluminum.  Two  were  selected  from  the 
prior  study  because  of  outstanding  performance  and  two  represent 
new  technology  which  was  not  available  at  the  start  of  the  old 
study.  No  anticorrosive  coatings  were  used  on  the  aluminum  sub- 
strate. 

Coating  System 

No^ Description 

CG-30 
CG-31 


CG-32 

CG-33 


Complete  descriptions  are  given  in  Appendix  Table  Al. 


Elastomeric  sheet  with  organotin  toxicant 

Rosin-chlorinated  rubber  antifoul  with  TBTF  toxi- 
cant 

Acrylic-organometallic  toxic  polymer 

Rosin-chlorinated  rubber  antifoul  with  TPTF  toxi- 
cant 


CG-23 

(CG-5) 

CG-24 

(CG-11) 

CG-25 

(CG-9) 

CG-26 

(CG-3) 

CG-27 

(--) 

CG-28 

(-) 

CG-29 

(--) 

i 


(4)  Coatings  Systems  for  Plastic  Buoys.  Five  systems  were  selected 
for  evaluation  on  polyethylene  panels.  These  were  as  follows. 


Coating  System 

Ncn Description 

CG-34  Type  121/63  vinyl-high  rosin  control 

CG-35  Rosin-chlorinated  rubber  antifoul  with  TBTF 

toxicant 

CG-36  Acrylic-organometallic  toxic  polymer 

CG-37  Rosin-chlorinated  rubber  antifoul  with  TPTF  toxi- 

cant 

CG-38  Flame-sprayed  copper  cladding 

Complete  descriptions  are  given  in  Appendix  Table  Al.  Also  a 
Supplier  Index  for  Commercial  Materials  is  listed  in  Table  A4 . 

(5)  Special  Coatings  Added  Late  in  Program.  Three  coating  systems  were 
added  to  the  program  at  the  request  of  Coast  Guard  personnel. 

A commercial,  100  percent  solids,  nonsolvent  polyurethane  coating 
("Zebron",  Xenex)  was  applied  about  25  mils  dry  thickness  to 
plastic,  steel,  and  aluminum  substrates  as  System  Nos.  39  and 
40  and  41,  respectively.  The  material  reportedly  possessed 
excellent  corrosion  resistance,  reduced  friction  resistance, 
and  an  interesting  degree  of  antifouling  properties. 

(6)  Discussion  of  New  Coatings.  The  selection  logic  for  adding  new 
coating  systems  to  the  program  is  described  below. 

Organotin  Coatings.  Excellent,  vinyl-rosin  and  rosin-chlorinated 
rubber-based  antifouling  paints  can  be  formulated  using  organotin 
toxicants.  Two  bottom  paints  with  different  toxicants,  TBTF 
(tributyltin  fluoride)  and  TPTF  (triphenyltin  fluoride),  have 
been  included  in  the  program.  TBTF  currently  enjoys  the  best 
reputation  in  the  U.  S.  for  a single  organotin  toxicant.  It  is 
more  toxic  and  less  soluble  in  seawater  than  TBTO  (tributyltin 
oxide)  and  is  approved  for  use  in  the  U.  S.  It  is  often  used 
in  combination  with  TBTO  as,  for  example,  in  the  vinyl  resin-based 
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U.  S.  Navy  Formula  1020A.  Because  TBTO  is  more  soluble  in  sea- 
water than  TBTF,  it  plasticizes  the  film  and  allows  TBTF  to  hy- 
drolyze more  completely.  However,  this  requires  extremely  high 
toxicant  loading  levels  which  present  problems  of  (1)  human 
toxicity  during  application;  (2)  unnecessarily  high  amounts  of  en- 
vironmental (seawater)  pollution  during  service;  (3)  high  human 
toxicity  during  removal  for  repair  and  repainting;  and  (4) 
generally  inefficient  use  of  toxicant.  Because  of  these  unfavorable 
conditions,  the  1020A-type  paints  have  recently  fallen  into  dis- 
favor and,  consequently,  are  not  included  in  the  present  program. 

By  adding  rosin  and  using  only  TBTF  as  toxicant,  the  effective 
loading  level  of  toxicant  can  be  reduced  to  about  30  percent.  This 
minimizes  much  of  the  above  problems.  Performance  data  for  rosin- 
chlorinated  rubber-based  paints  using  the  TBTF  toxicant  are  particu- 
larly attractive. 

A commercial  system  of  epoxy-coal  tar  anticorrosive,  chlorinated 
rubber  seal  coat,  and  rosin-chlorinated  rubber  antifouling  topcoat 
with  TBTF  toxicant  was  applied  to  steel  (System  No.  27).  The  top- 
coat was  also  applied  to  pretreated  aluminum  and  plastic  over  a 
wash  primer  (System  Nos.  31  and  35,  respectively). 

TPTF  exhibits  more  mammalian  toxicity  than  TBTF.  However,  this 
environmental  risk  is  offset  by  its  greatly  reduced  solubility  in 
seawater.  The  reported  leaching  rate  of  TPTF  toxicant  in  an  ef- 
fective rosin-chlorinated  rubber  paint  is  only  about  l/40th  of 
that  of  Formula  1020A-type  paints  containing  TBTO/TBTF  toxicants. 
Therefore  the  in-service  pollution  of  TPTF  is  believed  to  be  little 
different  than  that  of  TBTF  even  though  antifouling  service  lives 
can  be  dramatically  extended. 

TPTF  is  not  approved  for  commercial  use  in  the  U.  S.  as  yet  and 
studies  of  toxicity  to  workers  are  in  progress.  These  paints  find 
usage  in  Europe  and  other  parts  of  the  world  but  they  must  be  con- 
sidered to  be  in  a research  and  development  stage  in  the  U.  S. 

In  the  present  study,  a sample  of  a commercial  rosin-chlorinated 
rubber  antifouling  paint  with  TPTF  toxicant  was  obtained  from 
Denmark.  The  coating  was  applied  over  wash  primer  on  pretreated 
aluminum  and  plastic  substrates  (System  Nos.  33  and  37,  respec- 
tively) . 

Flame-Sprayed  Copper  Cladding.  Flame  spraying  was  used  to  apply  a 
copper  coating  directly  on  pretreated  plastic  panels  and  to 
polyester-glass  flake  midcoats  on  steel  (Systems  Nos.  38  and  28, 
respectively).  Flame  spraying  produces  a metal  coating  of  about 
80  percent  theoretical  density.  Plasma  applied  coatings  increase 


10 


this  to  90  percent  and  the  decision  is  one  of  selecting  an  appli- 
cation procedure  which  will  limit  the  porosity  to  an  acceptable 
level  to  maintain  adhesion. 

Flame  spraying,  selected  for  this  study,  was  accomplished  at 
Battelle-Columbus  by  a four-step  procedure. 

(1)  Roughen  the  surface  (plastic  or  polyester- 
glass  flake)  by  a sweep  blast  with  aluminum  oxide 
at  about  15  psi  pressure 

(2)  Clean  with  an  alcohol  rinse 

(3)  Deposit  a 2-3-mil  film  of  zinc  by  flame  spraying 
with  a Metco  10E  gun 

(4)  Deposit  a 10-mil  film  of  copper  from  wire  by 
flame  spraying  with  a Metco  10E  gun. 

Using  this  procedure,  it  was  calculated  that  50  pounds  of  copper 
wire  will  cover  347  square  feet  at  a thickness  of  10  mils.  The 
current  price  of  copper  wire  in  research  quantities  is  about 
$2. 00/lb  or  about  $0.30/sq  ft  of  coverage.  This  cost  is  considered 
reasonable,  especially  in  light  of  the  potential  antifouling 
service  life  of  a copper  metal  film  together  with  the  outstanding 
physical  properties  observed  in  the  final  coatings  (described 
below) . 


Oreanometallic  Methacrylic  Polymer.  A sample  of  unpigmented 
acrylic  copolymer  (1:1:1  tributyltin  methacrylate:  methyl  meth- 
acrylate: tripropyltin  methacrylate,  45  NVM  in  mineral  spirits) 
was  obtained  from  the  Naval  Ship  Research  and  Development  Center, 
Annapolis,  Maryland.  A general  structure  for  this  polymer  is 
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where  x,  y,  z,  and  n represent  repeating  monomeric  units,  and 
SnBu3  and  SnPrj  represent  tributyltin  and  tripropyltin  moieties, 
respectively.  NSRDC  personnel  have  developed  several  of  these 
organometallic  polymers  which  show  promise  as  the  chemical  founda- 
tion for  a new  generation  of  marine  antifouling  materials,  particu- 
larly for  antifouling  bottom  paints.  These  new  polymeric  materials 
are  based  on  acrylic  and  vinyl  resins  which  contain  toxic  moieties 
of  trialkyl  and/or  triaryl  tin  compounds.  When  comparing  the 
activity  of  these  new  materials  with  conventional  antifouling 
coatings,  it  has  been  demonstrated  that  the  new  unpigmented  organo- 
metallic polymers  possess  the  capability  for  longer  antifouling 
service  lives  and  are  toxic  to  a broader  range  of  fouling  organisms. 
Conventional  organotin  antifouling  coatings  generally  contain  a 
single  organometallic  salt  as  a toxicant,  for  example,  tributyltin 
oxide  or  fluoride  which  is  physically  incorporated  into  the  coating 
similar  to  an  inert  pigment.  This  technique  has  proven  effective 
but  is  not  necessarily  efficient.  By  contrast,  the  chemically 
bound  nature  of  the  toxic  moiety  in  the  new  polymers  reduces  its 
solubility  in  seawater  (leaching  rate)  and  thereby  is  capable  of 
significantly  extending  the  antifouling  service  life  of  a coating. 
Further,  the  addition  of  several  chemically  bound  toxic  moieties 
onto  a common  resin  backbone  broadens  its  scope  of  antifouling 
activity. 

The  polymer  sample  obtained  for  this  study  was  pigmented  at 
Battelle-Columbus  with  titanium  dioxide  ("TiPure  902",  Du  Pont) 
to  obtain  a 35  percent  pigment  volume  concentration.  The  resultant 
white  coating  was  applied  to  (1)  steel  (System  No.  29)  over  Type 
119  vinyl-red  lead  anticorrosive  and  Formula  117  wash  primer; 

(2)  aluminum  (System  No.  32)  pretreated  as  noted  above  and  primed 
with  wash  primer;  and  (3)  pretreated  plastic  (System  No.  36) 
containing  wash  primer.  These  coatings  possessed  good  hiding  power 
and  film  forming  characteristics  (excellent  wetting  and  drying 
times) . Physical  properties  are  listed  in  the  appropriate  section 
below.  Their  service  performance  is  unknown  because  this  work  is 
the  first  known  effort  to  pigment  and  expose  the  polymers.  How- 
eve-  , their  performance  can  be  extrapolated  from  exposure  data 
obtained  with  the  unpigmented  polymers.  Although  exposure  data 
are  extremely  encouraging,  the  pigmented  materials  must  be  con- 
sidered to  be  in  a very  early  experimental  stage. 

c.  Painting  Procedure.  All  coating  materials  were  applied  by  spraying 
the  panel  face  to  obtain  the  desired  dry  film  thickness  indicated 
in  Appendix  Table  A1  (for  example,  4 mils  in  2 coats).  Good 
organic  coatings  practice  as  outlined  in  any  service  painting 
manual  was  observed  throughout.  For  example,  all  paints  were 
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applied  by  a suction  gun  using  normal  (20-30  psi)  pressure.  The 
gun  was  maintained  at  a right  angle  about  6-8  inches  from  the  panel 
to  insure  a good  wet  film.  After  a satisfactory  fan  (spray  pattern) 
was  obtained,  the  paint  was  applied  in  multiple  passes.  In  addi- 
tion to  coating  the  panel  face,  all  panels  were  also  backed  and 
edged  according  to  the  above  procedure. 

All  panels  were  marked  for  identification  stamping  a 1/2-inch  num- 
ber into  the  upper  right  corner  of  the  panel  front.  The  finished 
panels  were  further  identified  on  the  back  with  6-inch  numbers, 
using  Type  129/63  black  antifouling  paint. 

The  lab-pigmented  organometallic  methacrylate  coating  was  applied 
by  brush  because  of  the  small  volume  of  material  available.  Be- 
cause of  the  unknown  toxicity  of  this  material,  special  handling 
precautions  were  observed  in  all  phases  of  panel  preparation. 

Plastic  panels  were  coated  with  the  experimental  materials  applied 
to  the  convex  side  to  simulate  actual  buoy  geometry. 

d.  Damage  of  Panels.  Several  damage  situations  were  selected  to  simu- 
late the  major  destructive  forces  to  which  a buoy  may  be  subjected 
during  deployment  and  service;  these  are  impact,  gouge,  and  abrasion 
The  panels  have  been  subjected  to  these  damaging  effects  before  ex- 
posure in  seawater  and  after  various  lengths  of  service  (immersion 
in  seawater).  Seven  duplicate  panels  of  each  system  have  been  pre- 
pared and  tested  as  follows. 


(1)  Panel  No.  1 - Undamaged  Control.  This  completely  coated  panel 
has  been  used  for  reference  throughout  the  program  to  deter- 
mine the  true  potential  of  the  coating  system  in  an  undamaged 
situation. 

(2)  Panel  No.  2 - Damaged  by  Impact  Before  Service.  The  direct 
impact  resistance  of  each  coating  system  was  determined  after 
a minimum  of  14  days  aging  at  ambient  conditions.  This  value 
and  three  fractions  thereof  (for  example,  5,  10,  and  15  inch- 
pounds,  for  an  impact  resistance  of  20"#)  were  used  to  damage 
the  four  quadrants  of  a coated  6 x 12-inch  panel.  This  panel 
was  then  exposed  to  seawater  in  Florida  to  determine  its 
service  potential  in  these  four  damaged  conditions. 

(3)  Panel  No.  3 - Damaged  by  Impact  After  6 Months  of  Service. 

The  third  panel  of  each  system  was  placed  in  seawater  in 
Florida,  removed  after  6 months,  damaged  as  above,  and  re- 
turned to  the  water. 

(4)  Panel  No.  4 - Damage  by  Impact  after  12  Months  of  Service. 

The  fourth  panel  of  each  system  was  placed  in  seawater  in 
Florida,  removed  after  12  months,  damaged  as  above,  and  re- 
turned to  the  water. 
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(5) 


Panel  No.  5 - Damage  by  Gouge  Before  Service.  Gouge  resis- 
tance  (pencil  hardness  method)  of  each  coating  system  was 
evaluated  after  a minimum  of  14  days'  aging  at  ambient  con- 
conditions.  The  fifth  panel  of  each  coating  system  was  gouged 
(about  1/8-1/4  inch  square  in  the  center  of  the  6 x 12-inch 
panel)  and  was  then  exposed  in  Florida  seawater  to  determine 
its  service  potential  in  this  damaged  condition. 

(6)  Panel  No.  6 - Damaged  by  Gouge  After  6 Months  of  Service. 

The  sixth  panel  of  each  coating  was  placed  in  Florida  seawater, 
removed  from  the  water  after  6 months,  gouged  similar  to 
Panel  5 above,  and  returned  to  the  water. 

(7)  Panel  No.  7 - Damaged  by  Abrasion  Before  Service.  The  abrasion 
resistance  of  each  coating  system  was  determined  after  a 
minimum  of  14  days’  aging  at  ambient  conditions.  This  value 
was  used  to  damage  the  seventh  panel  prior  to  immersion  in 
Florida  seawater. 

Panel  numbers  identifying  each  of  the  seven  conditions  for  all 
coating  systems  are  listed  in  Appendix  Table  A1 . 

e.  Exposure  of  Panels.  The  coated  panels  have  been  exposed  in  natural 
seawater  at  Battelle’s  Florida  Marine  Research  Facility  near  Day- 
tona Beach.  The  panels  are  secured  in  standard  exposure  racks  by 
narrow  strips  across  the  6-inch  ends  of  each  panel.  They  are  ex- 
posed with  the  panel  surface  parallel  to  the  direction  of  tidal 
currents.  Reference  panels,  without  antifouling  coating,  have 
been  included  to  provide  a record  of  attachment  to  unprotected 
surfaces.  All  panels  have  been  examined  for  blistering,  checking, 
cracking,  or  peeling  of  the  coatings  and  for  corrosion.  Anti- 
fouling performance  has  been  rated  with  respect  to  total  fouling 
and  in  terms  of  specific  type  of  fouling  (barnacles,  mollusks, 
annelids,  filamentous  and  encrusting  bryozoa,  hydroids,  and  algae). 
Color  35-mm  photographs  were  also  taken  for  recording  coating 
performance. 

The  first  inspection  of  these  149  panels  was  conducted  on  March 
10,  1976,  after  6 months'  seawater  immersion  in  Florida.  The 
second  inspection  was  conducted  on  September  13,  1976,  after  12 
months'  immersion  and  the  third  inspection  was  conducted  on 
March  18,  1977,  after  18  months'  immersion.  The  final  inspection 
of  the  panels  carried  over  from  the  prior  study  was  also  conducted 
on  March  18,  1977.  The  inspection  culminated  77  months'  continuous 
exposure  for  these  15  panels. 

The  entire  damage,  exposure,  and  inspection  scheme  is  listed  in 
Table  1. 
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f.  Performance  of  Coatings  Systems.  After  18  months  of  total  immer- 
sion in  seawater  at  Daytona  Beach,  Florida,  it  is  possible  to 
rank  order  the  performance  of  all  coatings  systems  into  three 
general  groups:  (1)  Outstanding  to  excellent,  (2)  fair,  and  (3) 
unacceptable.  Each  of  these  groups  is  discussed  below. 

(1)  Coatings  Systems  Rated  Outstanding  to  Excellent.  The  per- 
formance of  13  systems  has  been  rated  outstanding  to  ex- 
cellent; using  a scale  of  0-10  where  10  is  perfect  (no 
fouling).  All  ratings  for  outstanding  to  excellent  coatings 
(7  panels  of  each  system,  both  damaged  and  control)  have 
been  at  least  10-.  This  performance  was  expected  because 
only  premium  coatings  systems  had  been  selected  for  in- 
clusion in  this  study.  Several  more  years  of  exposure  data 
are  necessary  before  the  true  potential  of  these  systems 
can  be  ascertained.  However,  it  is  possible  to  project  a 
comparative  rating  for  at  least  8 of  these  systems  based  on 
their  performance  in  the  prior  study  (77  months'  exposure 
data) . The  systems  represented  in  both  studies  and  their 
current  ratings  are  as  follows. 


Rating 


New  Study 

Old  Study 

System  No. 

(18  Month 

(77  Month 

New  Study 

Old  Study 

Description 

Exposure) 

Exposure) 

CG20 

(steel) 

CG17  (rotor  panel) 

Elastomeric  sheet  with  organotln 
toxicant 

10 

io(*>) 

CG38 

(aluminum) 

10 

CG19 

(steel) 

CC2  (steel) 

Type  121/63  Vinyl-High  Rosin 

Control 

10- 

10- 

CG22 

(steel) 

CG4  (steel) 

Self-cure  zinc  slllcate/High 
build  vinyl/Type  121  antifoul 

10- 

8 

CG21 

(steel) 

CGI  (steel) 

Type  121  Standard  Vinyl  Rosin 
Control 

10- 

7 

CC2  3 

(steel) 

CG5  (steel) 

Postcure  zinc  silicate/high  build 
vinyl/Type  121  antifoul 

10- 

7- 

CG24 

(steel) 

CG11  (steel) 

Epoxy  prlmer/Epoxy-coal  tar  anti- 
corrosive and  antifoul 

10- 

6+ 

CG31 

(aluminum) 

CG14  (aluminum) (c) 

Vinyl  rosin/TBTF  toxicant 

10- 

6 

CGIS  (fiberglass) 

5- 

(a)  Panel  subjected  to  five  2-month  rotor  cycles  before  being  placed  on  static  Immersion. 

(b)  Filamentous  algae  Ignored  In  fouling  rating. 

(c)  Vinyl  rosin  vehicle  In  CG14  was  upgraded  to  rosln-chlorlnated  rubber  In  CG31. 

These  coatings  are  discussed  below  under  "(g)  Composite 
Ranking  of  Each  Coating  System". 
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At  the  completion  of  the  prior  study,  the  performance  of 
two  systems  appeared  interesting,  particularly  if  intercoat 
adhesion  could  be  improved.  Therefore,  in  the  present  study 
scuff  sanding  of  the  anticorrosive  and  application  of  top- 
coat within  8 hours  (before  complete  cure)  were  used  to 
promote  topcoat-midcoat  adhesion.  The  exposure  of  the  old 
panels  was  not  continued  at  the  end  of  the  prior  study. 
However,  the  performance  of  the  new  offsets  (after  18  months 
exposure)  appears  to  be  as  good  or  better  than  those  of 
the  prior  study.  These  systems  are  as  follows. 


System  No. 

New  Study  Old  Study 


Rating 

New  Study  Old  Study 
(18  month  (51  month 
Exposure)  Exposure) 


System  No. 


CG27 

(steel) 

CG35 

(plastic) 

CG37 

(plastic) 


Description 


Type  121  antifoul  over 
polyester  glass  flake 

Type  121  antifoul  over 
epoxy  system 


The  remaining  three  systems  in  the  "excellent  to  outstanding 
performance  group  are  new  materials  which  were  not  available 
at  the  beginning  of  the  prior  study.  These  three,  all  rated 
10-  after  18  months'  exposure,  are  as  follows. 

Description 


Rosin-chlorinated  rubber  antifoul  (TBTF  toxicant) 
over  coal  tar-epoxy 

Rosin-chlorinated  rubber  antifoul  (TBTF  toxicant) 

Roxin-chlorinated  rubber  antifoul  (TPTF  toxicant) 
over  wash  primer 

It  was  observed  that  the  rosin-chlorinated  rubber  antifoul 
with  TBTF  toxicant  was  one  of  the  easiest  materials  to 
handle  in  the  entire  program.  It  possesses  excellent  appli- 
cation and  drying  characteristics.  Cost  is  competitive  and 
there  are  no  color  limitations.  Further  exposure  studies 
may  prove  this  material  to  be  of  outstanding  premium  quality 

The  material  containing  TPTF  toxicant  is  considerably  more 
toxic  and  presents  an  unknown  handling  problem.  Application 
characteristics  were  less  than  ideal  and  most  cured  films 
possessed  an  undesirable  graininess. 

Coatings  Systems  Rated  Fair.  The  performances  of  three  sys- 
tems  have  been  rated  as  "fair"  after  18  months'  continuous 
immersion  in  seawater  at  Daytona  Beach,  Florida.  Ratings 
of  "fair"  are  based  on  at  least  half  of  the  seven  duplicate 
(damaged)  panels  being  rated  less  than  10- . These  three 
systems  are  as  follows. 


System  No. 

Description 

No.  of  Panels  Rated 
Less  than  10-  After 
18  Monthe'  Exposure 

CG33 

(aluminum) 

Rosin  chlorinated  rubber 
(TPTF  toxicant) 

3 

CG34 

(plastic) 

Type  121/63  over  wash  primer 

4 

CG38 

(plastic) 

Flame-sprayed  copper  cladding 

7 

All  of  the  copper-coated  panels  failed  by  loss  of 
adhesion  of  the  cladding  to  the  substrate. 

(3)  Coatings  Systems  Rated  Unacceptable.  The  performance 
of  seven  systems  has  been  rated  as  unacceptable.  All 
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panels  were  totally  fouled  or  had  completely  lost 
topcoat  adhesion  at  the  time  of  the  6-month  inspection. 

These  seven  systems  are  as  follows. 

System  No. 

Description 

CG28 

(steel) 

Flame-sprayed  copper  cladding  over  polyester- 
flake  glass 

CG29 

(steel) 

Acrylic-organometallic  polymer  over  vinyl 
red  lead  (Type  119) 

CG32 

(aluminum) 

Acrylic-organometallic  polymer  over  wash 
primer 

CG36 

(plastic) 

Acrylic-organometallic  polymer  over  wash 
primer 

CG39 

(plastic) 

Nonsolvent  polyurethane 

CG40 

(steel) 

Nonsolvent  polyurethane 

CG41 

(aluminum) 

Nonsolvent  polyurethane 

It  is  felt  that  the  acrylic-organometallic  polymers  offer 
considerable  promise  as  a new  class  of  antifouling  materials 
Coatings  in  the  present  study  failed  primarily  because  they 
were  prepared  in  the  laboratory  as  an  early,  one-time 
attempt  to  obtain  satisfactory  pigmentation.  Large-scale 
pigmentations  studies  are  currently  in  progress  which  could 
resolve  most  or  all  of  the  problems  encountered  here.  The 
upgraded  materials  should  be  considered  for  additional  buoy 
studies  because  they  appear  to  be  excellent  candidates  for 
meeting  all  of  the  U.  S.  Coast  Guard's  stringent  require- 
ments for  buoy  materials. 

1 
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Flame-sprayed  copper  cladding  should  be  a successful  anti- 
fouling buoy  material  if  adhesion  can  be  improved.  Since 
this  also  was  a one-time  laboratory  effort,  further  con- 
sideration should  be  given  to  follow-on  studies. 

The  nonsolvent  polyurethane  was  found  totally  lacking  in 
antifouling  properties.  However,  its  physical  and  anti- 
corrosive properties  are  outstanding  and  may  justify  some 
effort  to  obtain  antifouling  properties  as  well. 


(4)  Physical  Properties  of  Intact  and  Damaged  Coatings.  Several 
damage  situations  were  elected  (see  4.d.  Damage  of  Panels) 
to  simulate  the  damage  a buoy  coating  may  be  subjected  to 
during  deployment  and  service.  After  18  months'  immersion 
in  undamaged,  predamaged,  and  damaged- in-service  situations, 
it  is  possible  to  draw  several  important  conclusions.  Of 
most  importance  is  the  observation  that  no  coating  performance 
was  compromised  by  any  of  the  damaged  situations.  This  is 
probably  due  to  the  premium  nature  of  all  of  the  systems  in 
the  program.  It  does  not  imply  that  this  relationship  will 
continue  to  exist  after  several  more  years  of  exposure. 

No  significant  f;ouling  was  observed  at  or  on  any  of  the 
damaged  areas  of  the  panels.  Therefore,  it  can  be  concluded 
that  most  of  the  premium  coatings  systems  have  sufficient 
"throwing  power"  to  protect  small  (up  to  1/4  inch  square) 
damage  spots  from  initiating  total  failure.  Again,  this 
ability  may  be  severely  compromised  as  immersion  times  pro- 
gress. 

Complete  gouge  and  abrasion  resistance  data  are  listed  in 
Appendix  Table  A2  and  complete  impact  resistance  data  are 
listed  in  Appendix  Table  A3. 

(g)  Composite  Ranking  of  Each  Coating  System.  It  is  difficult  to 
prepare  a composite  ranking  of  long-term  service  buoy  coatings 
after  only  18  months'  evaluation.  However,  performance  has  been 
generally  rated  above  as  excellent  to  outstanding  (13  systems), 
fair  (3  systems),  and  unacceptable  (7  systems).  These  performance 
ratings  can  be  used  as  a starting  point  in  establishing  composite 
rankings  for  the  coatings  systems.  Within  the  best  group  of  13 
systems,  it  is  possible  to  extrapolate  service  potential  by 
considering  the  performance  of  similar  systems  in  the  prior 
study  after  77  months  of  exposure.  It  is  also  possible  to  comment 
briefly  on  those  systems  which  are  cost  prohibitive,  labor 
intensive  in  application,  or  require  special  handling  conditions 
because  of  toxicity. 

Based  on  this  type  of  information,  the  composite  rating  scheme 
listed  below  has  been  prepared.  Systems  are  listed  and  discussed 
in  descending  order  of  desirability. 

(1)  Type  121/63  and  Type  121  Antifoul  Over  Type  119  Vinyl-Red 
Lead  Anticorrosive  and  Type  117  Wash  Primer.  These  two 
systems  (CG2  and  1 in  old  study  and  CG19  and  21  in  present 
study)  appear  the  most  desirable  of  all  materials  in  the 
program  for  many  reasons.  Their  performance  is  consistently 
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outstanding.  They  are  state-of-the-art  materials  which  can 
be  applied  using  conventional  application  equipment.  No 
unusual  care  must  be  taken  with  these  materials  other  than 
that  dictated  by  good  coatings  practice.  It  should  be  noted 
that  the  unusually  good  performances  of  the  Types  121/63 
and  121  are  undoubtedly  due  to  the  extra  care  taken  in  panel 
preparation  in  the  laboratory.  Therefore,  even  though  no 
unusual  care  is  required,  attention  to  every  detail  of  good 
coatings  practice  will  measurably  improve  the  performance 
of  these  systems.  The  cost  of  these  two  systems  is  within 
the  normal  range  of  today's  standard  marine  coatings. 

Because  of  consistent  better  performance,  the  composite 
ranking  for  Type  121/63  should  be  considered  superior  to  that 
of  Type  121.  These  specification  systems  were  developed 
for  maximum  performance  on  steel  substrate.  Therefore,  it 
is  important  to  specify  the  Type  117  wash  primer  to  obtain 
good  adhesion  and  to  specify  the  Type  119  midcoat  to  obtain 
good  resistance  to  corrosion.  The  vinyl-red  lead  anticor- 
rosive (Type  119)  is  particularly  effective  in  aggressive 
tropical  marine  climates.  However,  the  service  life  of  all 
antifouling  coatings  is  adversely  affected  by  hot  tropical 
waters  and  the  Type  121  and  Type  121/63  are  not  exceptions. 
Limited  color  coding  of  the  antifouling  topcoats  would  be 
possible  with  a modest  formulation  study. 

Of  interest  is  the  performance  of  the  Type  121/63  system  on 
plastic  substrate  (System  CG-34) . After  18  months  of  im- 
mersion, three  of  the  damaged  CG34  panels  are  rated  10-  but 
one  is  rated  8 and  two  others  are  rated  7 for  fouling. 

There  is  a trace  of  peeling  present  which  indicates  that 
there  may  be  a long-term  adhesion  problem  over  plastic. 
Further  study  is  required  before  valid  conclusions  can  be 
made. 

(2)  Elastomeric  Sheet  with  Organotin  Toxicant.  This  system 
(CG-20  and  30  in  present  study  and  CG17  in  prior  study) 
possesses  the  greatest  service  life  potential  of  any  system 
in  both  studies.  It  would  appear  to  offer  potential  for 
the  10  years'  resistance  to  fouling  and  corrosion  desired 
by  the  USCG.  The  actual  performance  mechanism  is  not  fully 
understood.  In  addition  to  the  slow  dissolution  of  toxicant 
in  seawater,  its  success  is  probably  due  to  a combination  of 
factors  such  as  the  inability  of  macroscopic  fouling  or- 
ganisms to  establish  a firm  attachment  on  the  elastomeric 
sheet. 

The  manufacturer  prefers  the  term  "diffusion"  to  "leaching 
rate"  when  describing  the  functioning  of  this  product.  It 
is  reported  that  the  diffusion  rate  is  temperature  dependent 
and,  to  a lesser  degree,  influenced  by  water  velocity. 

Thus,  while  the  material  appears  ideally  suited  to  service 
in  temperate,  subtropical  waters,  it  may  not  perform  well 
at  Pearl  Harbor  or  in  extremely  cold  waters. 
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Economic  studies  conducted  by  the  manufacturer  of  using  "No 
Foul"  instead  of  a coating  system  on  a vessel  the  size  of 
a small  destroyer  indicate  a cost  trade-off  after  about  3 
years  of  service.  This  may  be  appreciably  sooner  if  allow- 
ancy  is  made  for  fuel  penalty  at  current  market  prices.  A 
common  fuel  penalty  figure  cited  for  a destroyer-sized  hull 
is  about  13  percent  per  year.  Toxic  handling  precautions 
are  required  but  the  material  does  not  present  the  same 
magnitude  of  environmental  pollution  problems  as  antifouling 
paints  containing  organotin  toxicants.  Pollution  of  shipyard 
atmosphere  during  application  and  repair  and  of  seawater 
during  service  are  both  minimal. 

Two  major  factors  which  must  be  considered  are  material  and 
application  costs.  Initial  material  costs  are  high.  In 
addition  to  the  elastomeric  sheet  and  adhesive  coating, 
conventional  primer  and  anticorrosive  coatings  must  be  ap- 
plied. Cutting  and  fitting  the  elastomeric  sheet  is  highly 
labor  intensive  and  required  additional  skills  beyond  those 
of  paint  spraying.  For  these  reasons  the  composite  ranking 
of  this  material  must  be  considered  somewhat  lower  than  that 
of  Type  121/63  and  probably  equal  to  that  of  Type  121. 

It  has  been  demonstrated  by  this  study  that  the  material 
will  withstand  a significant  amount  of  physical  abuse  in 
deployment  and  service  and  still  perform  satisfactorily. 

Color  coding  is  limited  to  black. 

(3)  Self-Cure  and  Postcure  Zinc  Silicates  Under  High  Build  Vinyl 
and  Type  121  Antifoul.  These  two  systems  (CG4  and  5 in 
prior  study  and  CG22  and  23  in  present  study)  have  performed 
unusually  well  in  both  studies.  The  material  costs  of  both 
are  slightly  higher  than  the  Type  121/63  and  121  systems  but 
they  are  not  as  expensive  as  the  elastomeric  sheet.  They 
are  more  difficult  to  apply  than  the  Types  121/63  and  121  be- 
cause there  are  more  components  in  the  system  (zinc/tiecoat/ 
high  build  vinyl/antifouling  topcoat)  and  because  it  is 

more  difficult  to  apply  the  heavy  zinc  coat  than  conventional 
paints.  For  these  reasc'  a their  composite  rankings  are 

lower  than  the  Types  121/63  and  Type  121  and  that  of  the 
elastomeric  sheet.  Limited  color  coding  is  possible  as 
mentioned  for  the  Type  121  topcoat,  above. 

(4)  Vinyl  Rosin/TBTF  Toxicant.  This  system  (CG14  in  prior 
study  and  CG31  in  present  study)  is  very  easy  to  apply  and 
has  no  serious  shortcomings  other  than  its  slightly  poorer 
performance  than  the  materials  listed  above.  Its  raw 
material  costs  will  be  slightly  less  than  those  of  the 
Types  121/63  and  121.  Broad  color  coding  potential  exists. 
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(5)  Epoxy  Primer/Epoxy-Coal  Tar  Anticorrosive  and  Antifoul. 

This  system  (CG11  in  prior  study  and  CG24  in  present  study) 
is  a premium  material  which  should  perform  as  well  as  the 
vinyl  rosin  (g(4),  above).  However,  workers  often  complain 
of  the  difficulties  and  unpleasantness  of  applying  the  thick 
coal  tar  midcoat.  The  system  certainly  should  be  considered 
for  buoys  in  still,  brackish  waters  where  its  heavy  film 
thickness  is  an  advantage. 


Sufficient  data  are  not  available  on  the  remaining  systems  to 
assign  them  a composite  rating.  It  may  be  possible  to  signifi- 
cantly upgrade  the  performance  of  those  systems  rated  as  unaccept- 
able, particularly  the  copper  cladding,  toxic  organometallic 
polymer,  and  nonsolvent  polyurethane.  It  was  not  within  the  scope 
of  the  present  program  to  consider  such  modifications. 

5.  RECOMMENDATIONS . Several  recommendations  for  taking  optimum  advantage  of 
current  data  are  now  possible.  It  is  important  to  reduce  to  practice  the 
coatings  systems  where  performances  have  been  rated  outstanding  to  excellent. 
Replicate  test  buoys  should  be  prepared  for  service  in  different  tempera- 
ture waters.  Buoy  size  and  composition  should  be  selected  as  quickly  as 
possible  for  these  evaluations. 

A minimum  research  program  should  be  considered  to  continue  the  exposure 
of  the  best  panels  currently  on  test  at  Daytona  Beach,  Florida.  This  would 
include  about  10  panels  from  the  prior  study  and  about  30  panels  from  the 
present  study.  This  is  of  paramount  importance  because  no  coatings  sys- 
tems have  yet  to  be  exposed  for  the  full  term  of  the  projected  10-year 
goal. 

Second  priority  should  be  placed  on  improving  the  performance  of  systems 
which  failed  early  in  the  present  program.  A modest  program  could  be 
undertaken  to  provide  some  measure  of  fouling  resistance  to  the  nonsolvent 
polyurethane  system.  The  U.  S.  Navy  toxic  organometallic  polymer  has  been 
the  subject  of  several  pigmentation  studies  and  the  most  successful  formu- 
lation could  be  added  to  the  buoy  program.  Inquiries  could  be  made  into 
the  possibility  of  increasing  the  film  density  and  the  topcoat  adhesion  of 
the  flame-sprayed  copper  cladding.  In  addition,  the  door  should  be  left 
open  to  enter  new  commercial  materials  into  the  program  as  they  became 
available. 
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TABLE  A4 . SUPPLIER  INDEX  FOR  COMMERCIAL  MATERIALS 


Formula  201  Devoe  Marine  Division  Epoxy  anticorrosive 

Devoe  Raynolds 
New  York,  New  York 


TABLE  Al.  EXPERIMENTAL  BUOY  COATINGS  SYSTEMS  AND  PANEL  IDENTIFICATION 
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(J)  Cladding  procedure  described  In  text. 

(k)  Applied  by  manufacturer  ("Zebron”,  Xenex  Corporation). 

(l)  Vinyl  rosin  vehicle  for  CG14  was  upgraded  to  rosin-chlorinated  rubber  for  CG-31. 


TABLE  A2.  GOUGE  AND  ABRASION  RESISTANCES  OF  COATING  SYSTEMS 
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APPENDIX  B 


COMPREHENSIVE  LEGEND  FOR  INSPECTION  REPORTS 

INSPECTION  REPORT— MARINE  IMMERSION 
EXPOSURE  AFTER  18  AND  77  MONTHS 


7.  APPENDIX  B 


COMPREHENSIVE  LEGEND  FOR  INSPECTION  REPORTS.  The  performance  of  each 
system  has  been  subjectively  rated  periodically  for  resistance  to  foul- 
ing and  corrosion.  To  evaluate  fouling  resistance,  note  was  made  of 
the  presence  of  scum  and  silt  and  of  a slime  film,  generally  accepted 
as  the  precursor  and  nutrient  broth  for  the  macroscopic  fouling  com- 
munity. The  presence  of  macroscopic  organisms  (barnacles,  mollusks, 
annelids,  hydroids,  and  encrusting  and  filamentous  bryozoa)  were  re- 
ported by  subjective  ratings  of  0 to  10  where  10  = perfect,  no  foul- 
ing, and  0 = complete  failure.  Major  factors  considered  for  ratings 
are  the  area  of  the  panel  fouled  (covered  by  organisms)  and  the  average 
size  (reported  in  inches)  of  individual  organisms.  For  example,  a 
panel  with  seed  barnacles  about  1/8-inch  diameter  located  mainly  at 
the  panel  edges  would  be  recorded  as  "ME,  1/8  inch"  and  might  be  rated 
8 (80  percent  of  surface  area  not  fouled).  These  individual  ratings 
for  the  activity  of  each  organism  were  then  averaged  to  obtain  a 0 to 
10  "general  performance"  rating  of  fouling  resistance. 

Corrosion  was  evaluated  by  noting:  (1)  the  location  and  amount  of 
blistering;  (2)  the  amount  of  intercoat  and  "through"  peeling  (to 
panel);  (3)  the  location  and  amount  of  corrosion;  and  (4)  the 
presence  of  eroding,  chalking,  cracking,  or  alligator ing  of  the 
film.  Note  was  also  made  of  the  presence  of  topcoat  and  primer 
surface  areas  still  intact. 

The  general  performance  ratings  for  fouling  resistance  are  considered 
the  most  important  and  are  carried  to  the  text  of  the  report.  However, 
the  ratings  are  subjective  and  only  indicate  comparative  performance 
for  a specific  test  panel  exposed  in  a specific  location  during  a 
specific  time  period.  So  many  dynamic  factors  influence  performance 
that  constant  guard  should  be  maintained  against  making  sweeping  gen- 
eralizations from  limited  data. 

INSPECTION  REPORT— MARINE  IMMERSION  EXPOSURE  AFTER  18  AND  77  MONTHS. 
Table  IB  (17  pages)  covers  this  inspection  report. 
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8.  APPENDIX  C 


PHOTOGRAPHS  OF  COATING  SYSTEMS 
AFTER  18  AND  77  MONTHS'  IMMERSION 


lO  ' » .» 

i ■ 9 


i a- 


>s 

G 

rH 

•H 

<D 

> 

CD 

05 

<T 

4-» 

u 

CM 

T3 

CO 

G 

m 

1 

V* 

05 

r-". 

o 

CO 

c 

O 

u 

T3 

o 

C- 

• 

G 

X 

o 

• 

9 

rH 

w 

z 

o 

■u 

o 

2 

CO 

H 

— 

r— I 

u 

05 

05 

e 

u 

G 

•C 

C 

05 

<D 

o 

4-1 

cO 

u 

E 

o 

G 

P* 

CD 

•H 

O 

>> 

H 

c 

£ 

to 

P-. 

•H 

CD  * 

00 

>» 

O 

r— 1 

5? 

C*  . 

o 

a 

| 

w 

rH 

G 

•H 

rH 

> 

05 

05 

05 

CO 

"O 

4-1 

o-J 

CO 

G 

o 

1 

CO 

05 

vD 

O 

■G 

c 

O 

CJ 

C 

0 

a 

• 

CO 

X 

O 

• 

4_» 

rH 

w 

2 

o 

CO 

0 

25 

u 

r 

rH 

c; 

4H 

05 

05 

e 

c 

c 

-C 

C 

0) 

•H 

o 

4-1 

CO 

4J 

CM 

o 

G 

05 

O 

05 

c 

2 

CO 

H 

•H 

G 

05 

oo 

u 

o 

rH 

4-1 

ex 

05 

O 

0) 

05 

T3 

4-1 

H 

CO 

CO 

05 

CM 

'G 

c 

5-i 

CM 

C 

o 

G 

1 

CO 

05 

m 

o 

4-1 

rH 

O 

u 

CO 

o 

a 

• 

U 

X 

0 

• 

a 

4-1 

w 

2 

0 

c 

c 

2 

•H 

o 

•* 

CM 

o 

05 

05 

6 

-C 

C 

05 

05 

c 

4J 

CO 

M 

U 

•H 

G 

Pu 

05 

G 

05 

O 

U 

o 

2 

CO 

1 

a: 

Uh 

oc 

rH 

rH 

rH 

05 

Jn 

CO 

C 

•H 

> 

Panel  No.  68  Panel  No.  47  Panel  No.  89 

System  No.  CG-25  System  No.  CG-26  System  No.  CG-27 

Type  121  Applied  Quickly  (Before  Type  121  Applied  Over  Sanded  Rosin-Chlorinated  Rubber  with  TBTF 

Complete  Cure)  Over  Epoxy  Primer  and  Polyester  Glass  Flake  Toxicant  Over  Coal  Tar-Epoxy 

Anticorrosive  on  Steel  Anticorrosive  on  Steel  Anticorrosive  on  Steel 
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Panel  No.  Ill  Panel  No.  118  Panel  No.  125 

System  No.  CG-30  System  No.  CG-31  System  No.  CG-32 

Elastomeric  Sheet  With  Organotin  Rosin-Chlorinated  Rubber  Acrylic-Organometallic  Toxic 

Toxicant  on  Aluminum  Antifoul  With  TBTF  Polymer  on  Aluminum 

Toxicant  on  Aluminum 
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Panel  No.  4 Panel  No.  17  Panel  No.  1 

System  No.  CG-2  System  No.  CG-17  System  No.  CG-1 

Type  121/63  Vinyl-High  Elastomeric  Sheet  With  Type  121  Standard  Vinyl- 

Rosin  Control  Organotin  Toxicant  Rosin  Control 


II- 


Panel  No.  29  Panel  No.  21 

System  No.  CG-15  System  No.  CG-11 

Vinyl-Rosin  With  Organotin  (TBTF)  Epoxy  Primer,  Epoxy-Coal 

Toxicant,  Fiberglass  Substrate  Tar  Anticorrosive  and  Antifoul 


